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réseaux et systèmes distribués
   
	   ! #"$%&('( *)
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  %	 %& 
	* N 
















	 "!$#%$'& (*)+$,".-$( 
/ 0 ö9	 '(%21
DZgd436587:9<;³tZVX*ZVYjWhiPWVYt1oZ9jWl¿Vv`kZo«VYPRSUZ9ZkyiQThiSTa
dWQ]`VYPRP}V> +=¿®q¢vVohiZkxNPWVvyixuQUX ¢vVYPc«VYt1orZ
3óP¯ ¢³¯>;@?BAfsYV-jWZk¬{hiZkyi`kZ/QY¤1 ¾K®q¢vVohuZfxNP¯ ¢¯e²´jDC	E
FG7IHKJML"7f[7	N	N	NO-VYyixV-jWZk¬{hiZkyi`kZQv¤1  ®q¢vVohiZkx
P¯ ¢³¯e² j%CQPRFI7IHSJTLG7f[7	NN	NUOU¯îauZ7jWZgd
 V3óPRZfjwlî¯³ W=X;mxiZkyiQYdWZfjdWauZjwZdQY¤>Voeo PRZVo/y{hiXNtZkPRj
3óPRZkjWlî¯UdWaiZ
jWZgdQv¤ËVoeoîyiQTyiyiZkS{VdRce¢UZmPRZVo³y{hiXtZkPRjY;9ZkyixiQf >Zfx cedWadWaiZ[Z¿®VoSTZktiPWV[\]3óPRZfjwlî¯









r tu 3?BA+k2{+7E@A+k<v[;}J~q.3{s;p3fv[; 3w[$;
VYyix
r tu 3E.F=.k|vb7PRFky ?BA7:E'A7	N	N	N	7E
FI7PiA7	N	NNQ7PRFj;}Jna3E
FG7v[;ca3E.F"7yb;j7 HL"N3;;
auZ§xiZ ny1cedRcrQUyM3w[;cX*l1oecZkj¡dWanVdhiyixiZkPBr tu s?AVYyixlE@AöVYPRZcryixiZklZkyixiZkyTdP¯ ¢¯e²´j* -c­dWaliPRQTtnVYt1c­oeced<} x1crjRdWPcrtih1dRcrQUy~q VvyuxSpKs/PRZkjWlZf`gdRce¢UZgoe}{¯/auZxiZ ny~c­dRcrQUy3;;NcrX*l1o­crZkjfs cy l¿VvP®
dRcr`fh~o«VYPs/dWanVd J CYE.FGOYF cjV(dRcrX*Z®;aiQTXQTSTZfyuZfQThij§VYPR¦vQf¢ `!anVcy QUy  ¾  cedWa dWPWVYy1®




Fus³VYPRZcryixiZg®lZfyuxiZkyUdmP¯ ¢¯e²´jmhiyixuZfP+r tu ¯
_ Z ceoeoËVvjWjwhiX*ZdWanVd-dWaiZ7VYPR¦vQf¢§`!anVcry^ cjVYlZkPcrQ1x1c`vsulQUjRcedRce¢UZsVYPRPcjmPRZk`fhuPRPRZfyTd










yiZg ãjwZf¬{hiZkyi`kZsCY?%F£7IHJ [7!"7	N	NNUOQv¤D W=®q¢vVohuZfxöP¯ ¢¯e²´jmtT}
?%F=





¨D¯ "°6±*² r tu 3?%FBM³d;
² «@¯ "°6± 3óG;
¤¥QTPVoeo´³¤­®LusGH [vsVYyix
ª@¯ "°6± ² r tu 3?µM³;
² D¯ °¶± 36;
ïÀï Þ4·øbúfø 
    , 
	    ´(i 
¤¥QTPVoeo´³¤­®Lu¯
QTyijRcrxiZkPdWaiZ`VvjwZAdWanVdö ¾ cjV jRcyuSvorZgdWQUyî¯ ¢ tijwZfP¢TZdWanVdcry dWa1crj§`VYjWZmCPF£7IH J




aJ [;9¤¥QTP>Zg¢UZkP}L ¬ ² ¬oJ jWhil'Cm­®L Z!|il@3wPYAQ;f ² [OTsnVYyix
dWanVddWaiZ_oQ >ZkP-tQThiyixij cy3ó";ó®R36;9aiQYoxI cedWa¨J~ª*J cy~¤j±! "A #"± cb36%$@;'& #"± Z!|ulg3f¬  3($*)
³;ca36$@;>VYyix<¬sJ®¬fs~ ]aiZkPRZsc crj>dWaiZ`kQTX*XQTyx1cjdWPctih~dRcQTy§¤¥huyi`gdRcQTyQY¤ÀdWaiZ©PFu² jf¯




L ¬ ² ¬  J jwhil.C.l­L"70/3; ² [O -c­dWa
«JMbJ jwhil±! AF21A354  
6+7 4   nb38.79£;
tF 38;I3w[:)mcb38.7	3;)=<7i³;;;6>7 4   nb38.79£;@?38½¬;  "± Zg|ulw3f¬G3($A)S³;;"ca38
7$@; 3B;
 ]auZfPRZ3(?38½¬;j78|k ¾D;(C crj-dWaiZPcrSUaTd]ZgcrSUZkyT¢UZk`gdWQTP>Qv¤dWaiZXVdWPce|
D3f¬;E>Jn C x1c©VYS3F Z!|ul'3f¬$PF";@6E.F%JG8 7H8|k§ ¾o;


























DZgd+Q^] _ 3feg7v`S ya;JaQs3feg7vbSlya;*VYyixcQ^]ed _ 3feg7vbS yb;BJ      P Qf]gd I_ 3feg7R$hS
"³;Qs3($w7viSyG)³;WsjD 1siVYyixxiZ nyuZ n=]gd _ 3feg7v½¬;}J  Z!|ulg3f¬³;'Q^]ed _ 3few7jvkS"³;¤¥QTP>VoeojD [v¯
 PRQTXFyiQ  QUy¡ >Z- ceo­oVYjWjWhuXZ dWanVd/dWauZfPRZmZ!|~cjRd>V
luPRQUtnVYt1ceo­ced;}X*ZVvjwhiPRZml QTy¡ ¾nS 
s
VYycryUdWZkSTZkPmjwsVYyixPRZVoDy{hiXtZkPRj8Lo¨" ² ¨p:G< jwhi`!aIdWanVd




	 "!$#%$'& (*)+$,".-$( 
Z nyiZ l3fv¡½¬;4J   P Z!|il@3f¬³;@l3fvYS"³;VYyixIoZgd TJC¬Bk   l23« ¾½¬;EG<OU¯
9}Vvlul1o­}{cryiS
DZkX*XöV1¯r[Kcry< tQ1 >ZxiZkxihu`fZ9dWa¿Vd¤¥QUPÀZVY`!a¬k s ns3f¬;îanVYj V-XöV|~cXVo
jRcrX*l1oZöZcrSTZfyT¢vVohuZA/3f¬;B­ L -c­dWa hiy1ce¤¥QTPRX7oe} lQTjRc­dRce¢UZIVvyix tQUhiyuxiZkx VYjWjWQ1`gc©VdWZkx(PcrSTaUd
ZgcSTZky1¤¥hiyi`gdRcrQUyNVvyixorZg¤©dÀZgcSTZkyiX*ZVYjWhiPRZ?3f¬;DJC ?3feD½j¬;j7
eKk ¾*O VYyix 3f¬;DJ C 3fv½j¬;j7@vk OUs¿PRZkjWlZk`dRce¢UZgoe}U¯Zk`Voeo³dWanVddWaiZPcrSTaUdmZgcSTZky1¤¥hiyi`gdRcrQUy+?3f¬;-VvyuxdWaiZ
orZg¤©d]ZgcrSUZkyiX*ZVvjwhiPRZ 3f¬;Nj!VdRcrjR¤©}dWaiZ§PRZgo©VdRcrQTyijWa1crlij /3f¬;@?3feì½¬;%J   ?3n½¬; na3feg7R	n½¬;NVvyix /3f¬;
 3fv½¬;BJ
   na3few7v¡½¬;
 36eì½¬;WsuPRZkjWlZf`gdRce¢UZgoe}{sv¤¥QUPVo­oIeKk ¾svk`9¯_ Z  ceo­o³VvjwjWhiX*Z> -c­dWaiQTh1d9orQUjWj
QY¤ËSUZkyiZkPWVo­ced;}dWanVddWaiZ
orZg¤©d]ZgcrSUZkyiX*ZVvjwhiPRZmcjm`!aiQTjWZky§jwQ7dWa¿Vd
 3« ¾]½¬;}J [7 s'¬bk N 3;;
Zk`kZkyUdRoe}UsihIöZgorx ¤¥QUhuyix§VYyZ!|ilQTyiZkyUdRc©Vo ,	£	 tQThiyix¤¥QTP9dWaiZmd!Vc­o³x1crjRdWPctuh1dRcQTy






hqIZgox³²´j>PRZkjWh~o­d>dWQ¡dWaiZhiyu`fQThil1orZkx§`VYjWZ_VYyixItU}§VYjWjWhuX7cryiSis1VYjcry Qqs1dWa¿Vdo cj ZfPRSTQ1x1cr`




Zg¢UZkP}L ¬ ² ¬[J3jWhil'CM­xLif/3; ² [OTsdWauZhulilZkPtQThiyixAcry§36;
aiQYoxuj> cedWa









PRZg¤¥ZfPRPRZkxAdWQ¦ 1sD{s³is B~s Z~sî~sË[dL{sK[~sK[kusË[B
 ]auZfPRZ_dWaiZkjWZcjwjWhiZkjanV¢UZtZkZfyAVYxixiPRZkjWjWZkxî¯










B    , 
	    ´(i 





i$s  ³¤­®L  vk<`  HLH

  A  ([,£ 4		 F  ([,£Di$s  H2L 











J V   na3few7jv[;"r tu 3?F8¥lPFBM³46E.FaJ®e'; tF 36e'; 3w[ ;
J V   na3few7jv[;  V " " r tu 3?FBM³)n$a6E
FaJew7PFaJ $';ca3feg7R$';! ´ tF 36e@; 3w[k";











º9ºnr©º  Q ¬kL J Cm­®LR/
3 ; ² [O  \
 
q j3³; ² «d3f¬;"¯ "°6± 7 s ³8­®L 3w[.Z;
		0Gi0B 	.ji %#$(," p i$ E'A 
r tu 3?FBM³;





  4   nb3feg7v[;"cj3feg7i³; tF 36e@;  4   na3feg7v[;3  "± ¯ ° ] Wd±[_ ca3feg7R$';;  36eì½¬; N 3w[;
à¥êËïDà¥ë
 	
	 "!$#%$'& (*)+$,".-$( Z





r tu 3?%FBM³d; J r tu 3?%FBM³$7E
Fk ¾o;² 3³7 ¾;
J «Q3f¬;"¯ °¶±
¤¥QTPVoeo´³¤­®LusGH [vs¿tT}§hijRcryiS¡dWaiZyuQUPRXVo­cr°gcyiS*`kQTyix1cedRcQTy¦3;;W¯
DZgd>hij`!aiZk`b¦*dWanVd8C 3³7v;j7@³©ML"7Gv kK`4Oj!VdRcj ¿Zfj3w[T[;W¯  QTP>Vo­oX³©Lusv kK`/sU >Z
anVk¢TZ
V   nb3feg7v[;  V ± " 3³ ) $w7e@;"ca3feg7R$';g¥ c3feg7i³; tF 36e@;  
J V   na3few7jv[;   V ± " «Q3f¬;"¯ ° ] WQ"±_ ca3few7R%$@;  36eì½¬;X¥Scj3feg7i³; tF 36e';! 
J V   na3few7jv[; «d3f¬;"¯ "°6± O3feD½¬;
 36eì½¬;
) V "±  «Q3f¬;"¯ ° ] Wd"±_  36eD½j¬;)m tF 36e@;cb3feg7R$';	
² «d3f¬;"¯ "°6± V   n3feg7v½j¬;
 36eì½¬; 3;L;




orZg¤©dZgcSTZkyiX*ZVYjWhiPRZ  3hk½¬;W¯ 






O PRQTlQUjRcedRcrQUy u¯­[j!Vk}1jdWa¿VdVvy Z!|ulQTyiZkyTdRc«Vo>hililZkPtQUhiyux  -c­dWa¨VAjRdWPcr`gdRo­} lQTjRcedRc­¢TZ
Z!|ulQTyiZkyTdRc«VoDxiZk`V}PWVdWZ
Z!|~cjdWj¤¥QUP/dWaiZd!VceoDx1crjRdWPctuh1dRcQTyQv¤w?Fce¤  crjyiQTy1®<ZkX*l1d;}U¯1;¤ËjWQis







t    , 
	    ´(i 
 ¶  &   ¤(R(,"#s	    ([ £	S(YQ   		0
¬  ­®L  [$.-
g   ,  PYA:®LGN 3;T;

   ,  PiAj L 		 ¬   (W	¤,"	,£W(YQfg £$((i,£$<W	[ 	,£$ /3f¬;}J [q
º³º   <dcrj>jWauQ ]y*cry t~suDZkXXVNu¯ vcUidWanVdorQUS£3(/3f¬;;Kcrjx1c îZkPRZkyTdRc«VYt1orZVYyixjRdWPcr`gdRo­}
`kQUyT¢TZg|QUy  ¯¿a1crjcrX*l1oecZkj-dWanVd /3f¬; cjVorjWQ*x1c îZkPRZkyTdRc«VYt1orZ7VYyixjRdWPc`gdRoe}`kQTyU¢TZ!|AQTy  ¯
¢ ydWauZQvdWauZfPa¿Vvyix³sijwlZk`gc«Voec°gcryiSdWauZ
x1c ³ZkPRZkyUdRc©VdRcQTy¤¥QTPRXh1o©V3ó¿¯Ì ;cy¦ tîdWQ*QThiP>X*Q1xiZgo










° % 4 ] A " _ /3f¬;}J <N 3;T ;




3f¬; d ¨" l23« ¾½¬;jN 3;Y";
;¤4¬QAfi< dWauZfyoecX°
o° % l23« ¾½¬;J < ¤¥PRQTX  VdWQThî² j>orZkXXVVYyixIdWaiZxuZ ¿y1c­dRcrQTy QY¤ËdWauZjWZgd ¯ QTyijWZk¬{hiZkyTdRo­}Usw3;T;KcrjmliPRQ¢UZkxI¤¥QUPWL ¬QA:G< tT}orZgdRdRcyiSB¬ 
 ¬QAmcry¦3;Y";W¯
Zk`VoeodWauZ&VYjWjWhuXl~dRcQTy dWanVdAl23« ¾*7	36y%7J< ;;­ L¤¥QTPjWQTX*Zy ­ L1¯>Ocr`!¦ jWhi`ba V
y Vvyux yiQYdWZAdWanVd l23« ¾½¬;¦ Z!|ul'3f¬ya;@l3« ¾+7	3;)=<7Rya;¤¥QTPB¬­µL1s>jwQ£dWanVd*/3f¬;(dK
¨"1Z!|ulg3f¬ya;@l3« ¾W73;)^<7Rya;;-¤¥QTP*¬B­~Lu¯DZgdRdRcryiSB¬ 
 < cryIdWaiZo©VdRdWZkP-cyuZf¬{hnVoec­d;}§}{crZorxij




º9ºnr©º   8((R,"#%	 =,£ PYA®L $.- 	"    ([$ £	K(YQ  
 
q j3³;¨D¯ "°6± 7 s³+­~L 3;;
		0Gi0B 	.ji %#$(," p  E@A 
r tu 3?%FBM³d;o¨D¯





  4   na3feg7v[;"c R3few7Y³d;
tF 36e';  4   na3few7v;I3 #"± ¯ °  ] WQ"±_ ca3few7$@;;  36eì½¬  ; N 3;@Z;
à¥êËïDà¥ë
 	
	 "!$#%$'& (*)+$,".-$( 
º³º   DZgd[C 3³$7hi;j7w³©L"ONtZV*`kQYo­orZk`gdRcQTy§QY¤ËX*ZVvjWhuPRZfj-QUyö ¾ jWhi`ba§dWanVd
V   nb3feg7v[;  V ± "  3³) $w7e@;"ca3feg7R$';g¥ cj3feg7i³; tF 36e@;   3³$7jv[; 3;t;
¤¥QTP Vo­o.³©k s$vk`/sH [v¯Y^_jcryDZkX*XV
u¯­[ >Z`VYy7ZVYjRceo­}jwaiQ  dWanVdKce¤dWaiZ liPRQUlZkPd<}





r tu 3?%FBM³d; J r tu 3?%FBM³$7E
Fk ¾o;  3³$7R ¾o;
J ¨D¯ °6±




_ ZyiQ  VYxixiPRZkjWjdWaiZ§jRd!VYt1ceo­ced;} QY¤>dWaiZ§j}ujdWZfX§synVYX*Zgo­}(dWauZ§Z!|~cjRdWZkyi`kZQY¤]VAliPRQTlZfP
liPRQTtnVYt1c­oeced<}(x1crjRdWPcrtih1dRcrQUy&¤¥hiyi`gdRcrQUy Q QUy += jWhi`badWanVdar+tu 3?F z³; 
lF\Qs3³;m¤¥QTPVoeo³K L1sîcyixuZflZkyixiZkyTdRo­} Qv¤ dWaiZcry1c­dRc©Vo>x1cjdWPctih~dRcQTyijbp Vvyuxmq¯mjRcryiSV`fQThil1oecryiSAPRZfjwh1o­d
xihiZmdWQ QTPRQ¢1¦vQ¢§VYyix  QUjWj¤ [vs1-aiZkQUPRZkXVqsUc­d`VYytZ_jwaiQ ]y*dWa¿Vd>dWauZ_j}ujdWZfX crj>jRd!VYt1orZ
ce¤ ,  PiAj ®L¡VvyixdWanVd?%F
F< V1¯´jf¯Uce¤ ,  PYA ­®LB3ójWZkZ% [kus¿DZkX*XöVNu¯Ìd¤¥QTPxiZgd!VceorjY;W¯
DZgd*?tZ
dWaiZjRd!VdRcrQTynVvP}PRZkSYcX*ZQY¤ÀdWaiZliPRQ1`kZfjwj8C	?F£O	F¡ ]aiZkyIc­dmZ!|1crjRdWjf¯
_ ZVYPRZyiQf  cylQUjc­dRcrQUyNdWQVYyijR >ZkPK¬~huZfjdRcQTy<3ót.;ì ]aiZky-,I PiA L] ]a1cr`!a¡crj9dWaiZQTy1oe}
cryUdWZkPRZkjRdRcryiS`VvjwZT¯y£dWa1crj`VYjWZvs³oecrXB± 
 " 3w[.&³;9orQUS£36ra3?  ³;;sJb)¬% ~sìaiZkQTPRZkX qs ]a~c`baPRZVYx1c­oe}crX*l1o­crZkjdWa¿VdW¬% cj dWaiZtZfjd]Z!|ulQTyiZkyTdRc«VoDxiZk`V}§Q¢UZkPmVoeow¬BLu¯
aiZ
yiZ!|~dPRZfjwh1o­dWjmVvPRZx1cPRZk`gd]`kQTyijWZk¬{hiZkyi`kZkjQY¤ OKPRQUlQUjc­dRcrQUyuju¯­[Vvyux1¯é1¯
Nºnº  ©i·    8((,"#s 	" -,I PiA LH  	"	 s'¬bk 




  4   na3few7jv[;"c R3few7i³;36e';  4   nb3feg7v[;3  "± ¯ ° ] Wd"±_ cb3feg7R$';;  36eD½j¬; N 3;u[;
ïÀï Þ4·øbúfø 
[QL    , 
	    ´(i 

 f4oR,"Y 	"	[$((R,"#%b	    (¤ £	(YQ }		




  4   na3few7v;cj3feg7i³;36e';  4   nb3feg7v[;3  "± ¯ °  ] Wd"±_ cb3feg7R$';;
 36eì½¬  ; N 3;T ;





















   na3feg7v[;   "± ¯ ° ] Wd±[_ ca3feg7R$';o
tF 36e';
   na3few7v;W3  "± ¯ ° ] Wd±[_ cb3feg7R$';;  36eD½j¬; 3;Y";
² jWhul
 4!F21"A
.tF 3fv[; 3fv½¬; 3;;
 ]auZfPRZ3;v";9¤¥QYo­orQ mj>¤¥PRQTX dWaiZ
cryiZk¬{hnVoeced<}Kcj3feg7i³; ² #"± Zg|ul'3f¬"3($*) ³;;"ca3few7$@;W¯ËQ*xiZg®
Pce¢UZ3;;Ws u|KvTk`/sw³­LusVYyixxiZ nyiZ
	'3fe';  J nb3feg7v[;  "± ¯ ° ] Wd±[_ ca3feg7R$';W¯n^_jwjWhiX*Z
nPRjRd
dWa¿Vd	AcrjVjRcrX*l1orZ¤¥hiyu`dRcrQTyîs³ynVYX*Zgo­}Us	J 6 d 4 d  s -c­dWa 36y d 7HjWkG;VlnVvPdRce®dRcrQUyIQv¤À ¾¯uauZfy³s    	'3fe'; tF 36e';'&    	'3fe@;





   	@3fe'; tF 36e@;
   	@3fe';
 36eì½¬; ² jWhil 4!
 tF 36yb; 36y*½j¬;
¤¥QTP_VYyT}X*ZVvjWhuPWVvt1orZVYyixAlQTjRcedRc­¢TZ¤¥hiyu`dRcrQTy	³s¤¥PRQTX  ]a~c`bal3;;¤¥QYo­orQ mjf¯~ylnVYPdRcr`fh~o«VYPs
`g¤¯w3;i[;Ws






	 "!$#%$'& (*)+$,".-$( [T[
^_jmX*ZkyUdRcrQTyiZkxcrydWaiZcryTdWPRQ1xihi`gdRcrQUyVYyiQvdWauZfPmliPRZg¢{cQThijm >QTPR¦§`goQTjWZgoe}§PRZgo«VdWZkxdWQöQUhiPRj







dWaiZ`VYjWZ*dWanVd%ca3few7 +=X;­ LI¤¥QTP7Vo­o e~k  ¾¯my1¤¥QTPdWhiynVdWZgo­}Usî >Z§a¿Vk¢UZyuQvd¡tZkZkyVYt1orZ
dWQ nyux(VSUZkyiZkPWVoÀPRZgo«VdRcQTyijWa~clAtZd; >ZkZkyI3f¬;mVvyixhqIZgorxî²´j`kQTPRPRZfjwlQTyix1cryiS`kQ1ZJIö`gcrZkyUd
£3f¬; >J -,£ ?3E@A½¬;f &ìcy~¤  4   ?3feD½j¬;83ójwZfZ3w[dL;;yiQTPtZgd< >ZkZky"3f¬; xiZ nyiZkxIcy3;B;VYyix£3f¬;W¯
_ Z




 >ZanV¢UZjWauQ ]yöcyl [kus /QUPRQYoeo«VYP}§u¯­[iîdWa¿Vd+I3f¬; ² [_cryIdWa1cjm`VvjwZT¯
<dNcj*VorjWQZVvjRceoe}(jWaiQ my£dWanVd%"3f¬;sJ £3f¬; maiZky£ ¾ãcj¡V ny1cedWZjWZgd7VYyix£ maiZky£dWauZ
liPRQTtnVYt1c­oeced<}¨dWPWVYyijRcedRcQTy XVdWPc |~n cjZk¬{hnVodWQ&c­dWjdWPWVYyijWlQTjWZ23óa1cryTd hujWZ§dWauZ¤qVY`gd*dWanVd






 [i^¯^¯ QTPRQ¢1¦vQ¢smn¯mÁ¯  QTjWjfs=KTdWQ1`banVYjRdRc`Vo­oe} Zk`khiPRjRce¢UZ£UZf¬{hiZkyi`kZkj§VYyix -aiZgcP
ÁZkyiZkPWVoecr°VdRcrQUyij;M¿s  	$  W- $ 	(+ 
	2 	"	#	( s  s¿lilî¯ì[ B tu[Tsn[TU1¯
 d ]¯ ®wn¯ anVYyiSis-KgTd!VYt1c­oeced<}Us ¼ hiZkhiZADZkyiSvdWa VYyix Zgo©Vk}¨Qv¤ZgdWZkPRX7cry1crjRdRcr`&VYyix vdWQv®
`!anVYjRdRcr` ¼ hiZkhiZgcyiSmZd; >QTPR¦~j;M¿s 
r $(   W,£  $.  sîsmQ¿¯1s~lilî¯1u[®Uu[Ts
Vk}[UY¿¯
 d¯u ¯ PRhi°vsKW^ >Vor`fh~ohij/¤¥QUPmZgd< >QTPR¦Zgo«Vk}UsuOËVYPdJmZgd< >QTPR¦¾oZkX*ZkyUdWj cyjWQYo©V®
dRcQTyMis 
  I( 
 d   	"R5 ssmQi¯î[Tsulilî¯ì[T[kv®b[u[TsUVYyî¯ [Ti[v¯
 $¯¿ ¯ /PRhi°vs KW^ >Vor`fh~ohij ¤¥QUP]Zgd; >QUPR¦IZo©Vk}Us¿OËVYPdR mZd; >QTPR¦^ynVoe}1jRcrjNM¿s
 I( 
 d  	"R5 ssmQi¯î[Tsulilî¯ì[T®b[f¿[TsUVYyî¯ [Ti[v¯
 d¯Á¯-hqIZgorxîsoK!¾À|ulQTyiZkyTdRc«Vo QThiyixij¤¥QTP ¼ huZfhuZfj cedWa VYPR¦vQ¢{c©Vvy ^PRPce¢vVorjNMis
ËZk`!auy1c`VoÀZklQUPd]m^T®<^
OÁm®U®:Lu[Tsn[TTu¯
 Bd^¯Yg¯u¾o­ VoecxVYyix¯1cedWPWV1s K!¾ ³Zk`dRce¢UZ >VYyix1 -cx~dWaQv¤ÀÁZkyiZkPWVo³VvPR¦YQ¢{c«VYyËPWVI`
{QThiPR`kZfjVYyix^xiX¡crjWjRcrQUy QTyTdWPRQvoQv¤}crSTa&{lZkZkx mZgd; >QUPR¦{jNMis
"!    	  $( 
 	 Q }$#d G! s  smQ¿¯¿1silulî¯UT®Y~1sYhiyî¯ì[UT1¯
ïÀï Þ4·øbúfø 
[    , 
	    ´(i 
eZ¯1¯³ÁmcrtitZkyijVYyixOÀ¯u¯
mhiyTdfs Kb¾ îZk`gdRc­¢TZ >VYyix1 -cx1dWauj¤¥QTPdWaiZAh~o­dRce®<9}1lZ m^N
anVYyiyiZgo M¿s  ,£	,£	 "!  $(Yf	#a( s ³s¿lilî¯ì[.Z®%t1s[Uu[v¯
 td
g¯njw`fQ1ZvsîO¯ mZ}VYyix(¾>¯ mhiX*X*ZoecryîsmKbÀVYPRSUZNZ¢{c©VdRcrQTyijQv¤ my1ce¤¥QUPRX¡oe}&-Zk`fhuPRPRZfyTd
VvPR¦YQ¢^xix1cedRc­¢TZ7OKPRQ1`kZkjWjWZkjNMis  W-       	'  	2 	  s³s¿lilî¯@Zv®<¿[usn[t1¯
 d  ¯~O¯u±




ZkjRcrx1cjks 1¯G_VorPWVvyixIVvyix ]¯ ®w¿¯ /anVYyiS¿sKb¾ îZk`gdRc­¢TZ >VYyix1 -cx1dWauj>¤¥QTPAh1oedRc`go©VvjWj
VvPR¦YQ¢  orh1crxij7VYyix ¢ dWauZfP
^9m UQUhiPR`kZkjNMis 
"!    	  $( 	 Q 4$#d "! s  s
mQ¿¯uisilulî¯¿~YY®<{%t1sT^hiSi¯ì[TU1¯
 [U[iu¯  ¯ ]¯¿±cryiSTXöVYyîsKw^ VYPdRcryiS~VorZyiZk¬{hnVo­ced;}cyIdWaiZ-aiZkQUP}QY¤ ¼ huZfhuZfj;M¿s $#   	 "    s îs¿lil³¯TuBi[vs¿[%BY¿¯
 [du¯  ¯ m¯D±cryiSTXVvyîs KyiZk¬~h¿Voec­dRcrZkjmcyAdWaiZ¡auZfQTP}QY¤ ¼ hiZkhiZkjNMis 	    f      s
{ZkPcZkj ]s  slilî¯ì[QLU®![T[QLus¿[@ZL1¯
 [du¯  ¯³±
hiPRQTjWZvsK ¢ y QTX*lih1dRcryiSlZfP®R{ZkjWjRcrQUyOÀZkP¤¥QTPRXöVYyi`kZ QThiyixujcry-crSUa~®w{lZkZfx
Ah1oedRc­®]QTlQTX*lih1dWZkP mZgd< >QTPR¦{jNMis       	  
 	  	 
   $.-  	
   	
	   	   &  smZ mlQTPdfs gs¿lil³¯ì[t®b[T1s vhuyî¯[UTu¯
 [f$À¯>chîs-OÀ¯Vcry VYyix ¯/ËQf ]jRorZg}{s Kb¾|ulQUyuZfyTdRc©Vo QThiyixuj cedWa VYy ^lil~o­cr`VdRcrQUy
dWQ  Voeo9^_xuX7crjWjRcrQTyM¿sËZk`!auy1c`Vo -ZklQTPdfs ]y~c­¢TZfPRjc­d;}(Qv¤VYjWj!VY`!a{hijwZdRdWjks >O  
vY®!BT1s ¢ `gdf¯ì[UY¿¯u{hitiX¡cedRdWZkxdWQq      	 
 [dd7n¯O¯AZg}1y7VYyix
¯ ¯f> >ZkZkx1crZvs 	2#$   	 I(o
-  f $	"$(Y  f i  ¯{liPcryiSTZfP
ZfPo©VYS¿suDQTyixiQTyîsî[TU1¯
 [Bd ¢ ¯>VvPRQTy*Vvyix£¯1vcx1cqs KbOÀZkP¤¥QTPRXöVYyi`kZ]VYyixTd!VYt1ceo­ced<}*QY¤ QTX*Xhiy~c`VdRcQTy ]Zgd; >QUPR¦{j
c«VA-QUtihujRd¾À|ulQTyiZkyTdRc«Vo QThiyixujNM¿s 
"!    	  $(  	 Q }#d G! s  smQ¿¯K1s
lilî¯@Zv®tus Yhiyî¯À[TU1¯
à¥êËïDà¥ë
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